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(57) ABSTRACT 
In one aspect, the invention relates to a Waveguide structure 
for differential transmission lines. The Waveguide structure 
includes a ?rst ground structure, a ?rst signal line, a second 
ground structure, a second signal line, a third ground struc 
ture. The ?rst signal line is typically positioned adjacent and 
substantially parallel to the ?rst ground structure. The sec 
ond ground structure has a ?rst separation distance from the 
?rst ground structure and is typically positioned adjacent 
and substantially parallel to the ?rst signal line. The ?rst 
signal line is typically positioned betWeen both the ?rst and 
second ground structures. The second signal line typically 
has a second separation distance from the ?rst signal line and 
is positioned adjacent and substantially parallel to the sec 
ond ground structure. The second ground structure is typi 
cally positioned betWeen both the ?rst and second signal 
lines. The third ground structure typically has a third sepa 
ration distance from the second ground structure and is 
positioned adjacent and substantially parallel to the second 
signal line. The second signal line is typically positioned 
betWeen both the second and third ground structures. 
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DIFFERENTIAL TRANSMISSION LINE FOR HIGH 
BANDWIDTH SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?ts of provisional 
US. patent application Ser. No. 60/312373 ?led on Aug. 16, 
2001 and US. patent application Ser. No. 60/325,875 ?led 
on Sep. 28, 2001 the disclosures of Which are hereby 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to the ?eld 
of signal propagation. In particular, the present invention 
relates to a Waveguide con?guration for signal propagation 
in telecommunication devices. 

BACKGROUND OF THE INVENTION 

[0003] Differences in voltage are central to the operation 
of virtually all electrical circuits. Differential signaling 
relates to a particular application of this general concept. 
Speci?cally, tWo signals are sent from one device as outputs. 
These tWo signals are received by a second device as inputs. 
The information contained Within the signals is derived from 
the differences in voltage or current betWeen them by the 
second device. This alloWs various external noise signals to 
be subtracted out When the inputs are processed. The dif 
ferences in signals convey the information rather than one 
signal evaluated With respect to a ground. When transmitting 
at very high data rates, over long distances and through 
noisy environments, single-ended transmission is often inad 
equate. In these applications, differential data transmission 
offers superior performance. 

[0004] The primary disadvantages of differential signaling 
result from the additional space, design complexity, and 
production costs association With increasing the number of 
pins, traces and tranceivers. These disadvanatges can limit 
the overall efficiency and suitability for a differential sig 
naling system in different operating environments. There 
fore a need eXists for communication devices and differen 
tial signaling systems that maintain the advantages While 
reducing the inefficiencies associated With using differential 
based signaling techniques. 

SUMMARY OF THE INVENTION 

[0005] In one aspect, the invention relates to a Waveguide 
structure for differential transmission lines including ?rst, 
second, and third ground structures (e.g., ground planes) and 
?rst and second signal lines. The Width of the ?rst signal line 
and the separation betWeen the ?rst signal line and each of 
the ?rst and second ground structures are sufficient to permit 
fabrication of a circuit element on the ?rst signal line in 
some embodiments. In another aspect, the invention relates 
to providing complementary decoupled differential trans 
mission line connections betWeen signal transmission lines 
and optical-electronic receivers and demultipleXing devices. 
In another aspect, the invention relates to connecting com 
munication devices With an electrical ground (G) and signal 
(S) connections arranged in a G-S-G-S-G con?guration. 

[0006] In one aspect, the invention relates to a Waveguide 
structure for differential transmission lines. The Waveguide 
structure includes a ?rst ground structure, a ?rst signal line, 
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a second ground structure, a second signal line, a third 
ground structure. The ?rst signal line is typically positioned 
adjacent and substantially parallel to the ?rst ground struc 
ture. The second ground structure has a ?rst separation 
distance from the ?rst ground structure and is typically 
positioned adjacent and substantially parallel to the ?rst 
signal line. The ?rst signal line is typically positioned 
betWeen both the ?rst and second ground structures. The 
second signal line typically has a second separation distance 
from the ?rst signal line and is positioned adjacent and 
substantially parallel to the second ground structure. The 
second ground structure is typically positioned betWeen both 
the ?rst and second signal lines. The third ground structure 
typically has a third separation distance from the second 
ground structure and is positioned adjacent and substantially 
parallel to the second signal line. The second signal line is 
typically positioned betWeen both the second and third 
ground structures. 

[0007] In one embodiment, the ?rst signal line has a 
substantially constant Width. The ?rst and second signal 
lines have a substantially constant Width in another embodi 
ment. In another embodiment, the Width of the ?rst signal 
line and the separation distances are suf?ciently siZed to 
permit fabrication of a circuit element on the ?rst signal line. 
In another embodiment, the Width of the ?rst and second 
signal lines and the separation distances are suf?ciently 
siZed to permit fabrication of a circuit element on the ?rst 
signal line and second signal lines. 

[0008] In another aspect, the invention relates to a differ 
ential transmission line system. The differential transmission 
line system includes a ?rst communication device, a second 
communicator device, and a differential signal line. The ?rst 
communication device typically has at least ?ve pin inputs. 
The second communication device typically has at least ?ve 
pin outputs. The differential signal line typically has at least 
ten contacts arranged in a decoupled con?guration. The ?rst 
and second communication devices are typically connected 
to the differential signal line in a differential decoupled 
con?guration. In one embodiment, the differential transmis 
sion line system further comprises tWo signal lines and three 
ground structures. 

[0009] In another aspect, the invention relates to a 
Waveguide structure for differential transmission lines. The 
Waveguide structure typically includes at least tWo signal 
lines and a plurality of ground structures, Wherein each 
signal line is adjacent to tWo ground structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic cross-sectional vieW of a 
transmission line as knoWn in the prior art; 

[0011] FIG. 2 is a schematic cross-sectional vieW of 
another transmission line as knoWn in the prior art; 

[0012] FIG. 3 is a schematic cross-sectional vieW of a 
transmission line according to an illustrative embodiment of 
the invention; and 

[0013] FIG. 4 is a vieW of FIG. 3 With an incorporated 
electrical element according to an illustrative embodiment of 
the invention. 

DETAILED DESCRIPTION 

[0014] FIG. 1 illustrates a knoWn single-ended coplanar 
ground-signal-ground (GSG) type transmission line 100 
(e.g., Waveguide on a circuit board). The impedance of the 
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transmission line is dependent on the material composition 
and thickness of the substrate 110, the Width 115 of the 
signal line 120 and the separation 125 betWeen the signal 
line 120 and the ground plane 130. In order for a high 
bandWidth signal to propagate Without distortion, a trans 
mission line that accurately presents a design impedance 
(e.g., 50 Q) to the signal is required. 
[0015] FIG. 2 illustrates a differential transmission line 
having a ground-signal-signal-ground (GSSG) con?guration 
200 as is knoWn in the prior art. The signal lines 210 support 
a differential signal mode. To achieve a predetermined 
impedance, the Width 215 of the signal lines 210 and the 
separation 220 betWeen the signal lines 210 must be accu 
rately controlled. The properties of the substrate 225 can 
also be modi?ed to affect the impedance. Typically the 
separation 220 is small (e.g., on the order of 0.005 inches) 
compared to the Width 215 of the signal lines (e.g., typically 
in the range of 0.015 to 0.020 inches). The separated signal 
lines 210 are shoWn in betWeen tWo ground structures 230. 

[0016] Most receiver module packages on the market 
today have an output signal strip line con?guration Which 
relies on the differential signals being coupled as shoWn in 
FIG. 2. This pinout arrangement is referred to as the 
G-S-S-G con?guration or “coupled.” For most applications, 
these same receiver module packages With the G-S-S-G 
pinout Will require the optical receiver module to be inter 
faced to a demultiplexing integrated circuit to remove the 
various multiplexed signals. Demultiplexing integrated cir 
cuits typically have input signal pinouts With a G-S-G-S-G 
con?guration, Which is also de?ned as a differential 
decoupled con?guration. In one aspect the invention relates 
to designing various optical devices, such as optoelectronic 
receivers, With a signal leads in a G-S-G-S-G con?guration 
to more easily interface With other communication devices 
such as a demultiplexing integrated circuit based devices. 

[0017] In some applications, circuit components are 
required along the transmission lines. For example, AC 
coupling requires inclusion of a capacitor on each signal 
line. Still referring to FIG. 2, in many instances, the small 
separation 220 betWeen the signal lines for a GSSG con 
?guration prohibits integration of the capacitors into the 
Waveguide structures, especially if the application requires 
large capacitance values. 
[0018] FIG. 3 illustrates a differential transmission line 
having a ground-signal-ground-signal-ground (GSGSG) 
con?guration 300. This GSGSG con?guration of signal lines 
and ground structures is also referred to as a differential 
decoupled con?guration. The separation 305 betWeen each 
signal line 310 and the adjacent ground plane 315 is sub 
stantially greater than the separation 220 betWeen the signal 
lines 210 of FIG. 2 in this illustrative embodiment. 

[0019] Circuit elements, such as capacitors 405, can be 
integrated into the Waveguide structure 300‘ as illustrated in 
FIG. 4. The substrate material 312 can be modi?ed to 
accommodate additional circuit elements in various embodi 
ments. Additional circuit elements include resistors, induc 
tors, diodes, tansistors, integrated circuit devices, and any 
other suitable electronic device. Referring to FIG. 4, if the 
circuit element is too large to be accommodated by the 
nominal Width 320 and separations 305‘ of the transmission 
lines, the structure of the transmission line can be arranged, 
for example, by expanding the line Width 320‘ ?nd separa 
tion 305‘ to accept the circuit element and achieve the 
desired impedance. The line Widths and separations in all 
aspects of the invention can be varied based on the require 
ments of a giving signal transmission set up. 
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[0020] While the present invention has been described in 
terms of certain exemplary preferred embodiments, it Will be 
readily understood and appreciated by one of ordinary skill 
in the art that it is not so limited and that many additions, 
deletions and modi?cations to the preferred embodiments 
may be made Within the scope of the invention as hereinafter 
claimed. Accordingly, the scope of the invention is limited 
only by the scope of the appended claims. 

What is claimed is: 
1. A Waveguide structure for differential transmission 

lines comprising: 

a ?rst ground structure; 

a ?rst signal line positioned adjacent and substantially 
parallel to the ?rst ground structure; 

a second ground structure, having a ?rst separation dis 
tance from the ?rst ground structure, positioned adja 
cent and substantially parallel to the ?rst signal line, 
Wherein the ?rst signal line is positioned betWeen both 
the ?rst and second ground structures; 

a second signal line, having a second separation distance 
from the ?rst signal line, positioned adjacent and sub 
stantially parallel to the second ground structure, 
Wherein the second ground structure is positioned 
betWeen both the ?rst and second signal lines; and 

a third ground structure, having a third separation distance 
from the second ground structure, positioned adjacent 
and substantially parallel to the second signal line, 
Wherein the second signal line is positioned betWeen 
both the second and third ground structures. 

2. The Waveguide structure of claim 1 Wherein the ?rst 
signal line has a substantially constant Width. 

3. The Waveguide structure of claim 1 Wherein the ?rst 
and second signal lines have a substantially constant Width. 

4. The Waveguide structure of claim 2 Wherein the Width 
of the ?rst signal line and the separation distances are 
suf?ciently siZed to permit fabrication of a circuit element on 
the ?rst signal line. 

5. The Waveguide structure of claim 3 Wherein the Width 
of the ?rst and second signal lines and the separation 
distances are suf?ciently siZed to permit fabrication of a 
circuit element on the ?rst signal line and second signal 
lines. 

6. A differential transmission line system comprising: 

a ?rst communication device having at least ?ve pin 
inputs; 

a second communication device having at least ?ve pin 
outputs; and a differential signal line having at least ten 
contacts arranged in a decoupled co?guration, Wherein 
the ?rst and second communication devices are con 
nected to the differential signal line in a differential 
decoupled con?guration. 

7. The differential transmission line system of claim 6 
Wherein the differential signal line further comprises tWo 
signal lines and three ground structures. 

8. A Waveguide structure for differential transmission 
lines comprising: 

at least tWo signal lines; and 

a plurality of ground structures, Wherein each signal line 
is adjacent to tWo ground structures. 

* * * * * 


